Anxious individuals are prone to having their attention drawn to mildly threatening information in the environment (1) . This pattern of biased attention to threat has been reliably observed across a range of anxiety and mood disorders (2, 3) , and amongst high anxious members of the normal population (4, 5) . Cognitive and neurological models of anxiety implicate attentional bias to threat in the development, maintenance, and remediation of anxiety pathology (6) (7) (8) . Consistent with a causal relationship between attentional bias and anxiety, it has been consistently observed that a reduction in attentional bias to threat accompanies successful psychological (9) or pharmacological treatment (10, 11) . However, the most convincing evidence that biased attention for threat is not simply an epiphenomenon of heightened emotional vulnerability comes from research that has sought to directly modify patterns of selective attention using cognitive training tasks. Using such attention bias modification (ABM) techniques, a number of studies have now shown that the induction of attentional bias for threatening information in healthy controls leads to elevated anxiety vulnerability (12, 13) . Of more clinical relevance, it has also been demonstrated that reducing attentional bias to threat in anxious patients leads to a consequent reduction in anxious symptomatology (14) , suggesting considerable promise of ABM in the treatment of anxiety pathology. While the cognitive tasks used in ABM have not always succeeded in modifying biased attention to threat as intended (15, 16) , it has been consistently demonstrated that when a change in attentional bias is achieved, emotional benefits follow (17) . Indeed, metaanalytic findings indicate that the degree of change in attentional bias achieved using ABM tasks predicts the degree of emotional benefit subsequently observed (14) . Thus, identifying how to maximise the change in attentional bias to threat is central to realising the therapeutic potential of ABM.
A detailed understanding of the neurocognitive processes that underpin biased attention is critical to facilitating change in these patterns of cognition. Neural models of anxiety (7, 18) consistently emphasise two systems in the allocation of attention to emotional information. A stimulus-driven system associated with limbic areas (particularly the amygdala), is believed to be responsible for the rapid deployment of attention to potential threatening information in the environment. The second system in contrast is implicated in the inhibitory control of attention and is linked with areas in the lateral prefrontal cortex (lPFC). This system is known to be associated with the top-down maintenance of attention via the inhibition of task-irrelevant information, including the inhibition of attentional deployment to low-level threatening information (19, 20) . Mounting evidence from neuroimaging research suggests that the lPFC, and in particular the dorsolateral prefrontal cortex (dlPFC), plays a regulatory role in attentional deployment (21) . Biased attention to threat is thought to be the product of an imbalance between these two systems. Specifically, greater activation of the amygdala and/or deficient attentional inhibition through reduced activity in the lPFC is believed to result in biased attention for threatening information (20) .
Because both systems contribute to attentional vigilance for threat, psychotherapeutic interventions may modify attentional bias (and consequently emotional vulnerability) either by increasing inhibitory control for threat through enhanced activity in prefrontal areas, or by reducing amygdala activation to such stimuli. Because ABM is designed to encourage attentional avoidance of one class of stimulus (i.e. threat) in favour of another (neutral/positive), it strongly implicates inhibitory control of attention via activity in the lPFC. In a novel examination of the role of the lPFC in ABM, Browning et al. (22) delivered two versions of a computerised ABM task designed to encourage either an attentional bias toward, or away from threatening information to a group of healthy individuals. Neurological changes were inferred using functional magnetic resonance imaging (fMRI) following the ABM task. The study found that participants had increased activation in the lPFC when presented with the type of stimulus that the ABM task trained them to attend away from.
Specifically, increased activation in the lPFC was observed when neutral stimuli were presented to those trained to attend away from neutral (toward threat), and when threat stimuli were presented to those trained to attend away from threat (toward neutral). This pattern of findings is entirely consistent with the role of the lPFC in mediating change in attentional bias through the selective inhibition of specific stimuli (threat or neutral) in line with the ABM training condition.
While this finding is consistent with the role of the lPFC in attentional bias modification, it falls short of providing conclusive evidence for such a causal relationship.
Firstly, Browning et al. (22) did not compare activation before and after training, with group differences being examined at post-training only. Also, as acknowledged by the authors (22) , change in cortical activity in the lPFC could represent a consequence of attentional bias modification, rather than a causal mediator of this process. In order to directly assess the causal status of this relationship it is instead necessary to manipulate cortical activity in the lPFC and assess the impact on the acquisition of attentional bias in response to ABM. Accordingly, this represents the central aim of the current study. We sought to manipulate cortical excitability in targeted lateral prefrontal areas via transcranial direct current stimulation (tDCS) and assess the impact of this on the acquisition of attentional bias in response to an ABM training procedure. This study therefore represents both the extension of Browning et al"s neuroimaging study and also a critical step in translational research toward establishing potential therapeutic benefits of enhancing change in attentional bias via cortical stimulation. We predicted that, if the lPFC does indeed causally mediate the acquisition of attentional bias, then those receiving active anodal tDCS stimulation should exhibit greater evidence of attentional bias acquisition in line with the ABM training, compared to those who do not receive tDCS (sham stimulation condition).
Methods and Materials

Participants
To decrease the likelihood that those recruited for the study already possessed a strong attentional bias either toward or away from threat, we sought to recruit those with mid- 
Questionnaire Measures
Participants completed questionnaire assessments of current and general anxious mood at the beginning of the experimental session via the state and trait subscales of the Spielberger State-Trait Anxiety Inventory (STAI) (23) . The STAI has been shown to have fair reliability and adequate internal consistency (24) . Participants did not receive any additional screening or clinical assessment.
Attention Bias Modification Task
As the goal of the current study was to assess whether tDCS stimulation would yield greater evidence of attention bias modification either toward or away from threat, we included two alternative attention bias modification tasks (as per Browning et al. (22)). We sought to incorporate ABM task parameters that would maximise the magnitude of the original effect. The design of the ABM task (see Figure 1 ) was therefore guided by the metaanalytic findings of Hakamata et al. (14) . This has indicated that tasks using vertically aligned stimuli have tended to yield larger effect sizes compared to a horizontal formation (d = 0.79 vs. d = 0.21 respectively), and word stimuli have also typically generated larger effect sizes than face stimuli (d = 1.29 vs. d = 0.37 respectively). Figure 1 provides details on the precise format, timing, and stimuli adopted in the task. The task is designed to encourage an attentional bias toward or away from threat depending on the experimental condition. For the avoid threat condition, probe targets consistently replaced the neutral member of the stimulus pair, encouraging an attentional bias away from threat. Conversely for the attend threat condition, probes consistently replaced the threat member of the stimulus pair to encourage an attentional bias toward threat. No information was provided to alert participants to these alternative conditions. Participants were provided a brief break at the mid-point of the ABM task.
Attention Bias Assessment Task
To assess the impact of the ABM training task, participants completed 96 attentional bias assessment trials immediately before and after the attention bias modification task. These trials were identical in structure to the ABM trials with the exception that target probes replaced threatening and neutral words with equal frequency. These trials are therefore capable of indexing the relative attentional distribution between the competing threatening and neutral stimuli by comparing latencies to identify probes in either word location. Word stimuli used in the assessment trials were different from those used in the ABM training trials to ensure that training effects were related to the emotional valence of the stimuli and not the specific stimuli themselves.
Transcranial Direct Current Stimulation
We employed a battery-powered, current controlled iontophoresis device (25) 
Results
Baseline Characteristics
There were no significant group differences on baseline measures, suggesting that randomisation was successful. Examination of questionnaire measures and age using 2 × 2 ANOVAs revealed no significant main effects of either ABM group, tDCS group, and no interactions between these (all p > .13). Similarly, no differences in gender ratios were observed across conditions (p > .19). Table 1 displays gender ratios and group averages for these measures.
Attentional Bias Data
Consistent with the causal role of the dlPFC in the modification of attentional bias, .031, however, at post-training they showed a significant difference in line with the assigned 1 Separate follow up analyses for the 3-way tDCS group × ABM group × assessment point interaction, and for the component two-way interactions for each tDCS group were conducted in which age, gender, STAI-T score, and STAI-S score were entered as covariates. In none of these analyses did the addition of these covariates influence the significance or the pattern of the effects in either the active or sham tDCS conditions. As with Browning et al (22) , the current study intentionally utilised a non-clinical sample to experimentally determine the impact of neurostimulation on ABM in the absence significant emotional pathology. While deliberate, the use of a non-clinical sample limits the degree to which the current findings can be generalised. The obvious next stage of this research should be to pilot tDCS potentiation of ABM in clinical groups to assess the degree of emotional benefit experienced under these conditions relative to ABM alone. Anxiety disorders represent an obvious candidate for empirical scrutiny. ABM has been shown to reduce anxiety symptomatology (31, 32) , with meta-analytic findings indicating that the magnitude of change in attentional bias is directly related to the degree of emotional benefit attained (14) . Given this, any enhancement of ABM is likely to also enhance emotional benefits for those who suffer anxiety disorders. Furthermore, anxiety pathology has also been consistently linked to deficits in inhibitory control (7) as well as attentional bias to threat (8) .
As such, an intervention approach which has the capacity to ameliorate problematic patterns of attention, and achieves this through increased stimulation of cortical structures that improve inhibitory control, could provide an ideal treatment for conditions that implicate specific dysfunction in both these neurocognitive processes.
While these findings clearly suggest that stimulation of the dlPFC led to greater evidence of attention bias modification, it was also the case that we did not find evidence of attentional bias change for those in the sham tDCS condition. This does not appear to have been an issue of power as the direction of the means following training was not in line with the assigned ABM condition. As there was no trend towards significance in the sham tDCS condition, the appropriate conclusion must be that this condition provided no evidence of training. For the current study we sought to achieve the best chance of obtaining the attentional change by adopting an ABM regimen informed by past meta-analytic findings. It is entirely possible, however, that an alternative ABM regimen may have yielded potentially larger training effects. For example, a recent study by Browning et al. (33) examining the impact of ABM in preventing relapse for depression found that the greatest emotional benefits were observed for those who received face-based training. We would therefore strongly encourage future research into alternative ABM tasks in combination with tDCS.
Although the current study ceased tDCS stimulation at the mid-point of ABM training, it is known that the application of direct current will continue to potentiate cortical activity for some time following the cessation of stimulation (34) . It is therefore worth considering whether latent activation could have impacted the attentional effects observed in the active tDCS condition. While possible, the between-subjects design ensures that any generic effect of stimulation will be present in both the attend threat and attend neutral ABM conditions.
Our present findings show that there was no evidence of a generic effect of tDCS but more specific evidence of attentional bias modification in each direction across the different training conditions. An interesting, though perhaps less likely possibility is that the effects of tDCS could potentially increase the likelihood of detecting an ABM effect. This would suggest that attention bias modification may have been achieved in both the active and sham tDCS conditions, but was only detected in the active condition. This question could be readily addressed in future research either by moving the assessment task to a later point in time when there is unlikely to be any effect of latent stimulation, or, by manipulating the timing of tDCS across groups to deliver stimulation either during training or after training and before assessment.
Our decision to target the dlPFC in the current study was guided both by the previous research findings of Browning, et al. (22) , and neural/imaging models of attention suggesting that this area is involved in the regulation of attentional deployment to salient information (18) . However, other neural models place greater emphasis on the ventrolateral prefrontal cortex (vlPFC) in mediating the control of attentional deployment to threat (35) . This is partly due to research suggesting that the dlPFC has few direct anatomical projections to the amygdala (36) . These alternative models therefore suggest that the impact of the dlPFC on attentional deployment to threat may not be direct, but could instead be mediated by the vlPFC (21, 37) . It is apparent that the pattern of findings in the current study could be amenable to the action of the vlPFC rather than the dlPFC. Specifically, while electrode placement was designed to target stimulation of the dlPFC, it is possible that the observed effect could be due to activation of the vlPFC via excitatory projections from the dlPFC to the vlPFC. Thus, while the present findings clearly support the position that targeted stimulation of the dlPFC leads to increased evidence of attention bias modification, they do not preclude the potential involvement of the vlPFC. Future research could therefore usefully serve to differentiate whether stimulation targeting vlPFC or the dlPFC is likely to produce greater change in attentional bias.
As with Browning et al. (22) , the present study included two alternative attention bias modification conditions. While this permits conclusions about the overall impact of changes in attentional bias, a limitation with this design is that we cannot determine whether tDCS increased the ability to train attention away from threat, increased attentional training towards threat, or both. To say with certainty where the training effect was most evident it would be necessary to also include a non-ABM control condition. The inclusion of such an additional condition could address this question and would also help to inform potential therapeutic applications of combined tDCS and ABM.
While our study clearly invites further research into the neurocognitive underpinnings and potential therapeutic implications of ABM, we can gain encouragement from the present findings which clearly demonstrate that active tDCS leads to greater evidence of modifying a known therapeutic mechanism. Our findings present the first empirical evidence that increasing cortical activation in the dlPFC causally contributes to the modification of attentional bias. This provides the necessary precursor to future applied research that should seek to establish the efficacy of combined tDCS and ABM in attenuating symptoms of emotional pathology within clinical populations. 
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